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1 
This invention relates fo improvements in 
transducers, particu]ar]y fo th.at form of trans- 
ducer ïor use in the measuring of forces in which 
unbonded e]ectrical strain wire gages are em- 
p]oyed. As is now we]l known and as is shown in 
the Carlson Patent No. 2,036,458 and in the 
Statham Patents No. 2,453,548; No. 2,453,550; No. 
2,453,551, and Serial No. 760,7ï3, filed July 14, 
194ï, by Louis D. Statham, Patent No. 2,481,792, 
the variations in strain imposed upon a wire re- 
sulting from the imposition of a force resu]t in a 
change in resistance of the wire which is propor- 
tional te the force apptied and whereby the force 
may be measured. In the structure of such 
patents the force is applied so as to increase the 15 
strain in one system of wires and fo decrease the 
strain in another system of wires. The wires are 
connected in a Wheatstone bridge .arrangement 
so that this variation in strain causes an un- 
balance in the bridge and therefore permits of 20 
measurement of the applied force. In a]l such 
systems, one end of the wire is anchored af a fixed 
point and the other or free end of the wire is con- 
nected to the force app]ying means, the relative 
approach or separation of the wire supports re- 25 
su]ting in said increase or decrease of the strain 
in the wires respective]y. 
These prior art systems may be genera]]y classi- 
fied in two forms: one as shown in the Car]son 
Patent No. 2,036,458 in which the line of force 30 
application is substantial]y para]]e] fo the wires, 
and the other as shown in the Statham Patents 
No. 2,453,548; No. 2,453,550; and No. 2,453,551 
wherein the force application is perpendicular fo 
the axis of the wires. In both such systems the 35 
movable point is mounted upon .a structure 
termed an armature which is hinged. In al] such 
systems the hinge is weak, since it is designed fo 
bave a resistance fo movement which is ]ess than 
the spring rate of the wire; in other words, the 40 
main portion of the resisance fo the movement 
caused by the applied force is in the wires them- 
selves. The necessity of developing such a hinge 
which is capable of being rigidly attached to the 
movable .and the immovable members bas re- 45 
su]ted in the choice of ]eaf springs. In such prior 
art îorms, theïefore, the movab]e member or 
armature is suspended upon a leaf spring which is 
attached to the immovable section of the unit. 
Various problems bave arise as a consequence of 
this type of construction. 
It is char.acteristic of al] such systems tt]at 
they bave considerab]e hysteresis and zero shift 
with temperature. The phenomenon of hysteresis 
evidences itself as fo]]ows: The variation in un- 
balance of the bridge per unit. of app]ied force 
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2 
is greater as the force is increased than the un- 
balance of the bridge per unit change in force if 
the force is decreasing. Consequently where the 
force is varying there is an uncertainty in the 
5 record obtained unless correction is matie there- 
for. T0 a large measure this hysteresis is occa- 
sioned by the use of such leaf springs, the use of 
which arises from the fact that a wire is stre,ched 
between a fixed and a movable support. 
10 The transducers of our invention are charac- 
terized by .and distinguished from such prior art 
unbonded gages in that the supports for strain 
wires, usually one af each end of the wire, are sub- 
jected to movement with respect to each other 
upon the application of force or displacement 
ing measured. In the transducers of this nven- 
tion, upon application of any displacing force, 
the ends of the wire which is held under an 
original stress and subjected to an ,applied stress 
either approach or depart from each other, de- 
pending upon whether the applied stress increases 
or decreases the strain in the wire, and if more 
than one wire system is used, such ends vary in 
relation to each other and fo the ends of all the 
other wires of the system, there being no. wire 
support which bears a fixed relation fo another 
wire support during such increase or decrease in 
the strain on the wire. 
In the preferred embodiment of the invention, 
the wires are mounted on pins positioned in a 
formable structure, and means is provided where- 
by the force or displacement to be measured is 
transmitted fo the deformable structure so as fo 
cause the structure fo deform, and as a result of 
this deformation, the linear distance between cer- 
tain of the pins is reduced while the linear dis- 
tance between other of said pins is increased. 
These and other objects of this invention will 
be understood by reference to the further de- 
scription of this invention taken together with 
the drawing, in which 
Fig. 1 is a plan view partly in section of one 
form of transducer and one form oï instrument 
employiv.g the same; 
Fig. 2 is a view taken along line 22 of Fig. 1; 
Fig. 3 is a detail of the pin and wire mounting; 
Fig. 4 is a schematic wiring diagram of the 
transducer shown in Fig. 1; 
Fig. 5 is a secti0na.1 view of another application 
50 of the transducer shown in Figs. 1 and 2; 
Fig. 6 is a section taken on line --S of lig. 5; 
Fig. 7 is a view partly in section of a pressure 
gage employing the transducer of this invention; 
Fig. 8 is a section taken along line 8-- of 
 Fig. 7; 
Fig. 9 is a section taken on line 9 of Fig. 8; 
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Fig. 10 is a view partly in section of another 
form of the transducer of the invention; 
Fig. 11 is a view taken along line -- of 
Fig. 10; 
Fig. 12 is a view taken along line 2--2 of 
Fig. II; 
Fig. 13 is a section taken along line 3--3 of 
Fig. 12; 
Fig. 14 is a section taken along line 4--4 of 
Fig. I0; 
Fig. 15 is a view of another application of the 
transducer of the invention as applied fo a pres- 
sure gage; 
Fig. 16 is a view taken along line ç--6 of 
Fig. 15; 
Fig. 17 is a sectional view of another form of 
the tra,.]sducer in one form of instrument; and 
Fig. 18 is a section taken on line 8--8 of 
Fig. 17. 
In the transducer of the form shown in Fig. I, 
the distortable member is a ring . Diametrically 
opposed and spaced 90 ° apart are four bushings 
2 soldered to the interior of the ring and carrying 
glass or other insulating beads 3 in which metallic 
pins are mounted perpendicular fo the plane of 
the ring. Fore" such pins and mountings are 
provided as indicated at 4, 5, 6, and 7, spaced 
90 ° apart. A loop of electrical resistance strain 
wires composed of four arms 8, 9,  , and  f may 
be wound around the pins 4, $, 6, and 7 and elec- 
trically connected together as by soldering them 
fo the metallic pin 4. Instead of being one wire 
looP, fotu" loops of wire maY be wound with as 
many turns as desired, for example, one between 
4 and 6; one between 4 and 5; one between 5 and 
; and one between 7 and 6. If witl be observed 
that these four wires are connected as the four 
arms of a Wheatstone bridge for the necessary 
connection to the indicating and the potential 
sotu'ce. It will also be observed that the pins 
upon which the wires are wound need hot be in- 
sulating but may also act as the terminal pins 
for the connection of the wires to the indicating 
instrument and to the potential sotu'ce usually 
employed in Wheattone bridge arrangements. 
The wires are conventional in unbonded electrical 
strain gages, wound around under some initial 
tension so that the wires 8, , 9, nd  are 
stressed. 
As illustrated the transducer is employed as a 
force measmng instrument in a manner similar 
fo the instrument described in the Statham Pat- 
ent Io. 2453,551. The ring  is bored with a bore 
3 and encased in a casing 2 suitably provided 
with a top and bottom 7 and an electrical ourlet 
8. The rods 4 pass through the casing 2 and 
are suitably sealed with O ring seals ai 5 and 
terminate in heads 6. If will be observed that 
the two rods 4 are axially disposed with their 
axes upon the diameter of the ring , 45 ° dis- 
posed fo that upon which the pins 4 and  and 
 and 7 are positioned. 
If will be observed that any displacement of 
the heads  of the two rods 4, as, for example, 
resulting from an opposed pull on the rods, will 
cause a defiection of the ring  so as fo cause the 
pins  and  and  and 7 to approach and the pins 
 and 5 and ç and 7 fo depart from each other. 
This will decrease the strain in the wires $ and 
  and increase the strain in the wires 8 and  . 
\¥hen suitably connected in a bridge circuit, as 
in the case of the strain gages previously referred 
fo, and unbalance of the bridge results which may 
be calibrated against the displacement or the 
amount of force causing the saine in a manner 

4 
similar to that described for the strain gages pre- 
viously referred to. 
Experience with this form of device has shown 
that the gages have no substantial hysteresis; in 
5 other words, an increment of displacement be- 
tween the head I results in the saine degree of 
unbalance whether this incremental change in 
relative position of the head results from an in- 
crease in the separation or a decrease thereof. 
10 In this respect it differs in function from the type 
of devices previous]y referred to, all of which 
show substantial hysteresis, depending upon 
whether the applied force or displacement is in 
one direction or in an opposite direction. 
15 In the form illlustrated in Fig. 1, the pins 
which support the wires are directly connected 
by electrical conduits to the terminals 
which may then be connected to cabtes in a man- 
ner similar to those now employed for strain wire 
20 gages previously referred to and which are in 
wide commercial use, as will be understood by 
those skilled in the art. 
Figs. 5 and 6 illustrate the application of the 
principle of the deformable ring mounting for 
25 the strain wires to an accelerometer. As shown 
in these figures, the deformable fiexible ring 
is supported in the case 23 by four springs 
mounted in case 23 and connected at four points 
on the ring separated by 90 ° from each other. 
30 The springs are fiat and permit the displacemenb 
of the ring only in the plane of the ring and 
prevent it from tilting in any direction. The 
spring supports 25 are flexible and yieldabie to 
permit the ring to be distorted within the plane 
35 of the ring, but are rigid against movement in 
a plane parallel fo the springs. This limits the 
motioioE of the ring to deformation in the plane 
of the ring. The pins 28 are mounted in beads 
and bushings upon ring 2 in a manner similar 
0 fo that shown in Fig. 3, and are positioned 
tween the points of support 7, 32, 35, and 3, i. e., 
45 ° from the point of each support for the ring, 
and hence are 90 ° from each other. 
The wires are mounted and employed in the 
 manner described in connection with instrument 
Figs. 1-3, and may be single strands or loops, 
forming a square and connected fo the metallic 
pins in a Wheatstone bridge arrangement, as 
shown in Fig. 4, or four loops of wire as in the 
50 case of the transducer of Fig. 6 may be employed. 
An inertial mass 3 is mounted upon the ring 
by means of two mutually perpendicular bent 
spring wire brackets 3 and 34 mounted ai dia- 
metrically opposed points on the rin as shown ai 
5 2, 32, 3, and 3. The wire 3  passes underneath 
the mass 3, being concaved downward. Ai ifs 
midpoint a vertical boss 33 is brazed to the wire 
3. The boss 33 bears centrally of the mass 
and is rigidly aflïxed thereto as by brazin or 
60 soldering. The wire 34 passes over the top of the 
mass 3e and is connected ai the central plane of 
the ring similarly fo the wire 3  ai two diametri- 
cally opposed points 35 and 38. A depending boss 
37 is rigidly connected to the spring wire 3 ai 
65 ifs midpoint and is rigidly connected to the mass 
3 ai a central point and is therefore axially op- 
posed to the boss 3.. The mass 3 is dirnensioned 
so that if is within the square formed by the wires, 
as is shown in Fig. 6. The strain wires  are 
ï0 each connected by electrical conduits 38 fo ter- 
minals in the manner previously described in con- 
nection with Fig. 2. 
The instrument is an accelerometer and anY 
- acceteration imposed upon the case 23 wfll cause 
75 the mass 3[ to more with respect to the case. 



2»600»701 

Thus, for example, if the mass moves downward 
with respect to the case it will exert a force on 
to cause the spring wire 3 t to become more con- 
vex and tend to flatten the spring wire 34. This 
will tend to pull the opposed points 32 toward 
each other and to push the points 35 and 
away ïrom each other. This. will increase the 
strain in 29 and decrease the strain in -ga. The 
resultant unbalance will therefore give both the 
direction and the magnitude of the acceleration 
in a manner similar to that of other strain ac- 
cëlerometers previously referred to. 
It will be observed that the springs 25 insure 
that the ring 2- moves with the case -3, since 
in the direction parallel to the ïace of the springs 
-, the springs - are rigid bars, deflecting only 
upon the imposition of a force normal to the face 
of the springs -5. The spring rod 34 is bent in 
such manner that it passes over the wires 29, so 
that any deflection imposed on the spring by 
reason of the movement of the mass does not 
cause contact between the spring and the wires 
-9. 
Figs. 7, 8 and 9 illustrate the application of a 
deïormable ring transducer to a pressure gage. 
It wfll be observed that the transducer employed 
in Figs. 5 and 6 is also employed in Fig. 7. The 
ring 4} is similar to ring -- and is mounted in 
four springs 4  similarly constructed and mounted 
as in the case of springs 25 upon the ring 
The four metallic pins 4- are mounted in the saine 
manner as pins -8 carrying the wire strands or 
wire loops 43 and 43a connected by conduits 
to terminals 45 housed in the manner illustrated 
in Figs. 5 and 6. The concaved downward spring 
rod 46 is mounted in the manner described for rod 
3 and the convex upward sprini wire rod 4] is 
mounted on ring 4{} in the saine manner as is 
shown for 3 previously referred to. At their 
central points the rods 4 and 4] are connected 
by s rigid rod 8 which connects the central point 
of the spring rod 4 and spring rod . Posi- 
tioned beneath the deformable transducer is a 
diaphragm 49 which separates the space 5} in 
which the transducer is positioned from the pres- 
sure chamber 5 which is formed by diaphragm 
9 suitably sealed by a gasket seal against the 
casing housing bottom 2 in which a pressure 
connection 3 is provided. 
Centrally of the diaphragm 49 is positioned a 
boss 4 which may be connected to the central 
point of 46 beneath the rod 48 as by brazing or 
soldering. It vill be observed that the imposition 
of Pressure on 3 will cause a deflection of the 
diaphragm  to bear against the rod 46 and 
cause if tobe bent so as to become flattened at 
the saine rime making the rod 4 more convex. 
This causes a distortion of the ring, resulting in 
a decrease in the tension on 4. and increase in 
the tension on 43a or a decrease in the tension 
on 43i and increase in 43, depending upon the 
direction of motion of the boss 54 as the result of 
the pressure variations introduced in 3. Thus, 
as in the case of the accelerometer, a force axially 
of the ring is transferred by the bent spring to a 
deforming force on the ring acting in the plane 
of the ring. In all of the forms illustrated in 
Figs. 1 to 9, inclusive, we nay employ one, two, 
or three, as well as the four active, i. e., stressed 
wire, loops. Where less than four are used, the 
remaining irms of the Wheastone bridge may 
be provided by auxiliary resistances. It will be 
observed that the wires extend along non-dia- 
metric chorals o the circle in the forms shown in 
Figs. 1-9. ihey may be stretched along diam- 

6 
eters, i. e., the diametric chord, thereof, suitably 
spacing the wires all on one side or two on each 
side of the ring, spaced from each other fo avoid 
electrical contact with each other except throngh 
5 the terminal pins. 
In çhe forms shown in Figs. 1-9, each of the 
chord lines is of equal length and the four arms 
of the bridge are of the saine characteristics, 
resulting in a balanced Wheatstone bridge 
10 rangement. If desired, howevei, by ieiranging 
the arcuate separation of the pins other relation- 
ships of the bridge arms may be obtained, com- 
pensating resistances being piovided if necessary 
to produce the original bridge balance. 
15 The strain wire elements, when more than one 
is employed, are preferably mounted on choral 
lines disposed ata right angle or acute angle to 
each other so that on deformation of the ring at 
least one of the strain wire elements is increased 
0 in strain and at least another is decreased in 
strain. 
In the forms shown in Figs. 1 to 9, inclusive, 
itis desirable that the spring rate of the wires 
form but a small fraction of the spring rate of 
5 the instrument; that is, the stiffness of the in- 
strument is large as compared to the wires. The 
rigidity of the ring | of Fig. 1, or the rings 
and the spring wires .| and 34 in Figs. 5 and 6, 
and similar rings and wires in Figs. 7 to 9, in- 
30 clusive is suflïciently great so that the tension im- 
posed in winding the wires  causes no meas- 
urable deflection of the ring. This is desirable 
since in winding the strain wires under tension, 
if the spring rate of the ring or the ring and the 
35 spring rods is low as compared to the spring rate 
of the wires, an undesirable buckling of the rings 
will occur, the ring bending between the pins. 
This is because the deformable structure in con- 
necting the pin would be very flexible at points 
«0 between the pins. Such a structure would be 
unstable and slight additional distorting forces 
rnay cause large deformation in the ring. To 
avoid such a result, a deformable structure is 
employed which s deformable in the portions be- 
45 tween the points of cormection to the pins, but 
the spring rate at such portions is greater than 
the spring rate of the wire. In such case the 
stress imposed upon the wires in winding causes 
no substantial deformation at those portions of 
50 the structure which lie between the pins. This 
limits the use of this type of instrument to the 
measurement of forces or displacement caused by 
forces which are of a relative]y large order of 
magnitude as compared with any substantially in 
55 excess of the stress imposed upon the wires in 
winding. 
These systems therefore may be termed high 
energy systems, since the energy which n'mt bc 
expended fo deform the systems and cause them 
60 fo respond will be far in excess of that neces«zy 
fo vary the stresses in the wires themselves. 
For many uses, however, it is desirable that 
the spring rate of the system' be more nearly that 
of the spring rate of the wires, and preferably 
65 less and, in fact, but a small fraction of the 
spring rate of the spring wires. In such systems 
the energy necessary fo deform the structure ap- 
proaches the energy necessary to vary the stress 
in the wires; in other words, the fraction of the 
ï0 energy necessary to cause the variation in the 
strain wires is the major part and may constitute 
in excess of 90% and even higher percentage of 
he total energy expended in deforming the 
structure and varying the strain in the wire. 
75 These systems are low energy systems, since the 
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7 
energ necessary fo cause these changes in strain 
in the wire in such transducers is low. The mag- 
nitude of the force needed is of the order of 
1 o1" 2 ounces. For example, when used in ac- 
celerometers the mass employed may be ruade 5 
small or when used in pressure gages the mass 
may be employed to measure low pressures and 
small variations in pressure and respond to small 
forces generally, as indicated above. 
To accomplish this result the deformable sys- 10 
tem upon which the pins are mounted is formed 
so as fo localize the deïormation and to construct 
the remaining portions of the structure substan- 
tially rigid. By making the localized points of 
deformation of a very low spring rate, for exam- 15 
ple, equal to or substantially less than the strain 
wire system, a deformable transducer structure 
is obtained with a spring rate approaching that 
of the wires and localizing the points of defor- 
mation. The structure will deform in a prede- 20 
termined mariner on the imposition of a prede- 
termined deforming force and such structures 
are stable. Such systems are illustrated in Figs. 
10 to 15, inclusive. 
Fig. 10 illustrates one form of such structure. 25 
The transducer is mounted in a case 55 and 
composed of four rigid arms 66, 67, 68, and 69. 
They are hinged as shown on pins 60, 61, ,62, and 
63, all simflarly constructed, as fllustrated in 
Figs. 11 and 12. The pins form a torsional 30 
spring hinge. They are formed of a cylinder, 
milled out intermediate the cylindrical ends 64 
and 65. Between these cylindrical ends the pin 
is milled out with four 90 °cuts 60 to give a cross 
ïormed of mutually perpendicular spring walls 35 
6 and 67. The walls are relatively rhin so that 
they form flexible springs mutually perpendicu- 
lar to each other and integral at the center and 
integral with and connecting the ends 64 and 65. 
The rods, for example, 5 and 57, acting as 40 
arms of the deformable structure, are connected 
o the end 4, and the rod 57 rigidly connected 
to the end 85, at 90 ° to each other, the other rods 
being similarly connected, so that upon any al- 
teration of the angle between the rods a twist oc- 45 
c-u's in the fiat springs 66 and 67 which thus act 
as a torsional spring hinge. It will be observed 
tha.t except when in torsion around the axis of 
the pin passing throuh 68 , the juncture point 
of the sprin walls @ and 67, the pin acts as a 0 
ïigid bar. 
The pin 0 rnounted on the rods 56 and 57 
may be connected fo a force transmitting rod 69 
passing through an opening 0 in the case 55 and 
connected by a yoke l a.t ends 64 and 65 of the  
pin O. The pin 2 is mounted in a yoke bracket 
"! in which the pins 0 and ends 4 and 65 are 
roatably mounted. 
The wire supporting pin 2 is mounted .upon 
the arm 5 ata midpoint between the pins 6! 0 
and 2 in the manner described for the other 
forms of transducer and as illustrated in Fig. 3. 
Pin 3 is similarly mounted upon the arm 56 and 
the pin 4 is simflarly mounted upon the arm 57 
and pin  is similarly mounted on arm 59. Wires  
are strung between these pins in the saine man- 
ner as described in the previous form. Single 
strands or loops may be wound around the pins 
ï2, 3, 74, and 7 and in electrical contact there- 
with, the pins being spaced from the arms 56 and 0 
57 and 5 and 9 so that they are not in contact 
with the arms. 
Instead of single strands of wire 76, 7, 70, and 
9, a loop of.wire may be wound between 7 and 
73 in place of 7, similarly between 3 and 4,  

8 
simflarly between 4 and 5, and similarly 
tween 5 and . 
If will be observed that the loops or strands are 
mutually perpendicular to each other in a square 
formation. These wires are wound under ten- 
sion but since the net force on the arms 56, 67, 
50, and 59 is the result of the winding of the wire 
perpendicular fo the arms 56 to 59, inclusive, re- 
spectively, no deforming force on the square 
ïormed by the arms occurs. However, if a force 
is imposed on 69 to either push or pull if, .the 
arms 56, 67, 50, and 59 wfll be moved into a dia- 
mond shape, catusing twist to occur in the tor- 
sional hinge upon which the arms are connected. 
Depending upon whether the arms 69 more in or 
out the stress on one pair of wires will be in- 
creased or decreased while the stress on the wires 
perpendicular to the first pair wfll be decreased 
or increased respectively. 
Suitable conduits connecting the pins 
74, and 75 to terminals, as fllustrated in Figs. 1-9, 
may also be employed and suitably positioned in 
case 55 and connected to recording and indicat- 
ing means in a normal Wheatstone bridge ar- 
rangement. The variation in strain in the wires 
resulting from the movement of 69 results in an 
unbalance in the bridge and is measured in a 
manner previously described. 
OE'he spring rate of this system of arms 56-59, 
inclusive depends upon the spring rate of the 
torsional hinge upon which the arms are mount- 
ed, the arms bein¢ rigid between these localized 
points of deformation. The spring rate of the 
hinge depends upon thickness and dimension of 
the spring connectors 67 and 66 and of the pin. 
For small pins the spring walls 66 and 6 may 
be ruade so thin that the spring rate of the hinge 
is less and substantially less and, in fact, but a 
few per cent of the spring rate of the wire con- 
ventionally employed in unbonded electrical re- 
sistance strain wire gages. 
It will be observed that this particular type of 
torsional spring hinge is particularly adapted to 
this service because the spring walls 
are formed integrally with each other and with 
the pin ends 64 and 65 and no clamping or other 
connecting means are necessary to connect the 
springs in the cross formation or to connect the 
pin ends 64 and ç5 to the spring walls 66 and 67. 
Additionally, it will be noticed that the arms 
56-5, inclusive, ean .be rigidly connected to the 
pin ends 64 and 65 so that no lost motion nor any 
relative motion of the pin ends 64 or 65 and the 
arms mounted thereon occurs. 
Such a transducer may be employed for various 
uses to which strain wire gage transducers have 
been used; for example, pin 68 may be connected 
to a diaphragm of a pressure gage or to a mass 
of an accelerometer. The mass may be directly 
mounted on the arms 57, 56, and 59, inclusive, or 
upon any one of them. 
Thus, Figs. 15 and 16 illustrate the application 
of this principle in a transducer employed in a 
pressure gage. 
In the form shown in Fig. 10 the force is ap- 
plied af the point oï juncture of the arms. In 
the form shown in Figs. 15 and 16 the force is 
applied parallel fo the arms. Thus the dis- 
tortable transducer oï Figs. 15 and 16 is mounted 
in case 00 and is composed of four rigid arms 
$, 02, 63, and 64 hingedly connected by torsional 
hinges 67 in the saine manner as are the arms 
56-59, inclusive, employing the pins such as 
illustrated in Figs. 11 and 12, as described above. 
One of the arms, for example 6, is rigidly 



»600,ï'01 

9 
mounted in the case upon a bracket 85. One of 
the other of the three arms, for example, 84, bas 
an extension 88 which fs connected te a rod 83' 
by a torsional hinge such as is used at 87, shown 
at 87'. The rod passes through an opening 89 5 
and a fitting 9 and fs connected te a bellows 91 
mounted in a fitting 92 te which a pressure con- 
nection is ruade. The pins $$ similar te pins 
72-75, inclusive are mounted on arms 83, for 
example, in the saine manner as shown in Fig. 3, l0 
employing an insulating bushing or bead 3 with 
bushings such as 2. The pins are positioned mid- 
way between the torsional spring hinges 87 and 
wires 89 and 90 are wound in a manner similar te 
that described for wires 75 te 79, inclusive. The 
pins are connected by conductors 9 te four ter- 
minals 92 in the saine manner as for the pïevious 
forms and.are employed in the form illustrated 
previously. The pressure imposed upon 92 wi]l 
cause the rod 88' te advance, rocking the arm 84 20 
and thus distorting the structure te cause the 
strain on the wires 9 te decrease and te increase 
on 98. The reverse movement bas the opposite 
effect. This causes an unbalance in the bridge 
which fs measured in the usual way. 
In Figs. 17 and 18 the system shown in Fig. 14 
fs applied te an accelerometer. A variation in 
the hinge connection between the four rigid aïms 
fs also illustrated, which, if desired, could also 
be used in place of the structure of Figs. 10 te 30 
16, inclusive. In place of the hinge, the torsional 
spring hinge of Figs. 9-16, inclusive could be 
ployed in the ferres shown in Flgs. 17 and 18. 
A square of metal or other rigid material fs cut 
out in the ferre shown in Fig. 17 te provide four 
rigid arms 9, 94, 98, and 98. The corners of the 
square are notched af 97, leaving a rhin portion 
of metal at 9. The depth of the notch and the 
thickness of the metal af 98 determine the spring 
rate of the .hinge connection between the mu- 40 
tually perpendicular arms. There fs thus formed 
a spring hinge between the arms which fs rigid 
except at the localized spring hinge connection. 
One of the arms, for example 94, may be ïigidly 
mounted upon a bracket 99 in case 9{}. Pins 9 45 
are mounted midway between the hinge points 
in the manneï described for the other ferres par- 
ticularly in the manneï shown in Fig. 3, and wiïes 
82 are wound in a manner similarly described 
for the other ferres, and the pins connected by 0 
conduits 3 te terminals 84 as descïibed above. 
It wi]l be observed that the instrument as de- 
scïibed fs an acceleïometeï due te the mass of the 
arms 93, 98, and 95, se that acceleïation impos.ed 
on case 88 will cause the arms te act as an iner- 55 
tial mass, and since the aïm 94 travels with the 
case {}9 the structure will be distorted frein its 
square ferre te a diamond ferre. If the mass fs 
insufiïcient or it fs desired te increase the mass of 
the a]ï.s, additional weight, illustïated as 95, 60 
may be mounted on one of the arms, for exampïe, 
98. Thus an acce]m'ation in a direction parallel 
te the arm ,4 will cause the structure te become 
deformed and the Wheatstone bridge, of which 
the strain wires ferre the aïms, become un- 65 
bataaced. %Tre acceleïation may thus be deter- 
mined in tl]e manner described above and in the 
prier art above ïeferred te. 
If wil] be observed that in Figs. 10-17, inclusive, 
we have provided four hinged ïigid bars in an 70 
initial square formation and have strung the 
electricat resistance strain wiïes in a square for- 
mation, employi-_eg four strain wire elements, all 
of which are active, i. e., subjected te a variable 
stïain and forming the four .a.rl of a Wheat- 75 

10 
stone bridge. We may, however, employ one, 
two, or three as well as four active wire elements, 
supplying the remairdng ïesistance of the 
Wheatstone bridge by means of compensating 
sistances, as described above and in connectien 
with the ferres of Figs. !-9. The wires,' where 
more than one active arms are employed, arè 
strung in the deformable structure af an angle te 
each other, i. e., de net extend in parallel ar- 
rangement, whereby the strain fs increased in one 
set when the strain fs decreased in another. 
Thus, instead of using ïour rigid bars formed 
into a square or diamond shape, more than four 
bars may be employed in a suitable geometric 
structure. n all such structures the arms are 
arranged in a polygonal structure such as a 
square, diamond, pentagon, etc., the rigid arms 
of which are connected by hinge points and are 
deformable by movement of the rigid arms 
around their hinge points. n all such cases 
need net hinge them at 90% but may hinge them 
af any desired angular relation te each other 
which results in a deformable structure by rota- 
tion of the arms about the hinge point. 
While we have described a particular embodi- 
ment of out invention for the purpese of illus- 
tration, it should be understood that various 
modifications and adaptations thereof may be 
ruade within the spirit of the invention as set 
forth in the appended claires. 
e claim: 
1. An electrical strain wire transducer, com- 
prising a defoïmable circular ring, electrica] 
strain wires mounted diïect!y upon and extend- 
ing between spaced peints upon the chord lines 
of said circular ring, each of said point moving 
with respect te all otheï of said points on 
formation of said ring. 
2. An electrical stïain wire transducer, com- 
prising a defoïmable ciïcular ring, etectrical 
strain wires mounted direct!y upon and extend- 
ing between spaced points upon non-diametric 
chord ]ines of said circular ring, each of said 
points moving with respect te ail other of said 
points on defoïmation of said ring. 
3. An electrical stïain wiïe transducer, com- 
pïising a deformab!e circular ring, four elec- 
trical strain wiïes mounted diïect]y upon and ex- 
tending between spaced points upon four equal 
chord lines of said ciïcular ring, each of said 
points noving with respect te all other of saicl 
peints on deformation of said ring. 
4. An electrical strain wire transducer, com- 
prising a deformable ciïcu!ar ring, electrical 
stïain wires mounted directly upon and extending 
beween spaced points upon the chord lines of 
said circular ring, each of said points nîoving 
with respect te ail other of said points on defor- 
mation of said ring, and resilient suspending 
means for said ring adapted for distoïtion of said 
ring in the plane of said ring, said suspending 
means comprising means for rigidly mounting 
said ring against displacement in all otheï di- 
rections. 
5. An electrical strain wire transducer, com- 
prising a deformable circular ring, electrical 
strain wires Inounted upon and extending be- 
tween spaced points upon non-diametric chord 
lines of said circu!aï rinz, means for ïesiliently 
suspending said ring for distortion of said ring 
in the plane of said ring, said suspending means 
including mea.ns for rigidly mounting said ring 
against displacement in all other directions. 
6. An electïical strain wire transducer, com- 
prising a deformable circutar ïing, four electïical 



2,600,701 

Il 
strain wires mounted upon and extending be- 
tween spaced points upon four equal chord lines 
of said circular ring, means for resiliently sus- 
pending said ring adapted for distortion of said 
ring in the plane of said ring, said suspending 
means comprising means for rigidly mounting 
said ring against displacement in all other direc- 
tions. 
7. An electrical strain wire transducer, com- 
prising a deformable circular ring, electrical 
strain wires mounted upon and extending be- 
tween spaced points upon the chord lines of said 
circular ring, means for resiliently suspending 
said ring for distortion of said ring in the plane 
of said ring, said suspending means comprising 
means for rigidly mounting said ring against 
displacement in all other directions, means for 
applying a displacing force axially of said ring, 
and means for transforming said axial force into 
a deforming force in the plane of said ring. 
8. An electrical strain wire transducer, com- 
prising a deformable circular ring, electrical 
strain wires mounted upon and extending be- 
tween spaced points upon non-diametric chord 
lines of said circular ring, means for resiliently 
suspending said ring for distortion of said ring 
in the plane of said ring, said suspending means 
comprising means for rigidly mounting said ring 
against displacement in all other directions, 
means for applying a displacing force axially of 
said ring, and means for transforming said axial 
force into a deforming force in the plane of said 
ring. 
9. An electrical strain wire transducer, com- 
prising a deformable circular ring, four electrical 
strain wires mounted upon and extending be- 
tween spaced points upon four equal chord lines 
of said circular ring, resiliently suspending means 
for said ring adapted for distortion of said ring 
in the plane of said ring, said suspending means 
comprising means for rigidly mounting said ring 
against displacement in all other directions, 
means for applying a displacing force axially of 
said ring, and means for transforming said axial 
force into a deforming force in the plane of said 
ring. 
10. A strain wire transducer comprising a plu- 
rality of strain wires, a deformable structure, a 
plurality of adjacent wire supports, said wire 
supports being mounted on said deformable 
structure, each end of each of said wires being 
connected to one of said supports, and means in 
said structure permitting deformation of said 
stlcture between each of said adjacent supports, 
all of said supports moving in spatial relation 
to each other on any deformation of said struc- 
ture, the said means on deformation of the struc- 
ture moving the supports for the ends of one of 
said wires away from each other to cause said 
wire to increase in tension and the said means 
on such deformation of the structure also moving 
t.he supports for the ends of another of said wires 
toward each other to relax the tension in said 
wire, two of said adjacent supports approaching 
each other, and two of said adjacent supports 
separating from each other upon such deforma- 
tion of said deformable structure. 
11. An electrical strain wire transducer com- 
prising a deformable structure and means for ap- 
plying a force to said deformable structure to 
cause deformation thereof, a plura.lity of insu- 
lated pins mounted on said deformable structure, 
electrical strain wires mounted upon and extend- 
ing between said pins, points of deformation in 
said structure between each of said pins, said 
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structure being deformable, st each of said 
points, on application of said deforming force, 
all of said pins moving with respect to each other 
upon said deformation. 
5 12. An electrical strain wire transducer com- 
prising a deformable structure and means for 
applying a force to said deformable structure to 
cause deformation thereof, a plurality of elec- 
trical strain wires mechanically connected to said 
10 deformable structure st spaced points, points of 
deformation in said structure between each of 
said spaced points, said deformable stlcture 
being deformable, st each of said points of de- 
formation, upon application of said deforming 
15 force, all of said spaced points moving with re- 
spect to each other upon said deformation. 
13. An electrical strain wire transducer com- 
prising a deformable structure, four pins adja- 
cently mounted in said deformable structure, four 
20 strain wires extending between said four pins, 
said structure being deformable st points between 
adjacent pins, the linear dimension between each 
pair of adjacent pins varying upon deformation 
af said deformable points. 
25 14. An electrical strain wire transducer com- 
prising a deformable structure and means for 
applying a force to said deformable structure to 
cause deformation thereof, a plurality of strain 
wires mechanically connected to said deformable 
50 structure st spaced points, points of deformation 
in said structure between each of said spaced 
points, said deformable structure being deform- 
able, st each of said points of deformation, upon 
application of said deforming force, all of said 
55 spaced points moving with respect to each other 
upon said deformation, said motion imposing a 
variable strain in each of said wires, the spring 
rate of said deformable structure being substan- 
tially in excess of the spring rate of said wires. 
4O 15. An electrical strain wire transducer com- 
prising a deformable structure and means for 
app]ying a force to said deformable structure to 
cause deformation thereof, a plurality of strain 
wires mechanically connected to said deformable 
.. structure st spaced points, points of deformation 
in said structure between each of said spaced 
points, said deformable structure being deform- 
able, st each of said points of deformation, upon 
application of said deforming force, all of said 
.} spaced points moving with respect to each other 
upon said deformation, said motion imposing a 
variable strain in said wires, the spring rate of 
said wires being substantially in excess of the 
spring rate of said deformable structure. 
55 16. An electrical strain wire transducer com- 
prising a deformable polygonal structure, com- 
prising a plurality of adjacent rigid bars, hinge 
connections between adjacent bars to form a 
deformable polygonal structure, a plurality of 
6O strain wires, one end of each of said strain wires 
being connected to one of said bars intermediate 
said hinge points and the other end of said wire 
being connected to an adjacent bar intermediate 
the hinge connections to said adjacent bar. 
65 17. An electrical strain wire transducer com- 
prising a deformable square point formed or four 
rigid bars, hinges at each end of each of said bars 
st the angle of said square, four strain wire ele- 
ments, each of said strain wire elements being 
7O connected to a point on each of two of said bars, 
said points being intermediate the hinge points 
st the end of said bar, said wires being electrical- 
ly joined into a square formation st said points 
of connection and otherwise insulated from each 
'$ other, and means for connecting an electrical 
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lead to each of satd points for subsequent con- 
nection to electrtcal circuits. 
18. An electrical strain wire transducer com- 
prising a deformab]e square formed of four rigid 
bars, hinges at each end of each of said bars, four 
strain wire elements, each of said strain wire 
e]ements being connected to a point on each of 
two of said bars, said points of support being 
intermediate the hinge points at the end of said 
bars, said wires being electrical]y joined into a 
square formation at said points of support and 
otherwise insu]ated from each other, means foi" 
connecting an e]ectrica] ]ead fo each of said 
points for subsequent connection fo electrica] cir- 
cuits, means connected to one of said hinge 
points for app]ying a deforming force to one of 
said hinge points, a support for said deformable 
square, and means for mounting a hinge point on 
said ]ast-named support, said ]ast-named hinge 
point being diametrically positloned from said 
hinge point fo which said deforming force app]y- 
ing means is connected. 
19. An electrica] strain wire transducer com- 
prising a deformab]e square formed of four rigid 
bars, hinges at each end of each of said bars af 
the angle of said square, four strain wire 
ments, each of said strain wire elements being 
connected to a point on each of two of said bars, 
said points being intermediate the hinge points 
at the end of said bar, said wires being electrica]]y 
joined into a square formation at said points 
of connection and otherwise lnsulated from each 
other, means for connecting an electrical lead fo 
eack of said points for subsequent connection fo 
electrica] circuits, a support for said square, 
means for rigid]y mounting one of said arms on 
said ]ast-named support, and means for applying 
a deforming force to another of said arms. 
20. A strain wire transducer comprising a p]u- 
ra!ity of strain wires, a plurality of adjacent 
wire supports, each end of each of said wires 
being mounted to one of said supports, a de- 
formable structure, said wire supports being 
mounted on said deformable structure between 
each of said adjacent supports, means upon sais 
structure permitting deformation of said struc- 
ture between each of said adjacent supports, ail 
of said supports moving in spatial relation fo 
each other on any deformation of said structure, 
said means moving adjacent supports for the 
ends of one of said wires away from each other 
to cause said wires to increase in tension and the 
said means a]so moving the adjacent supports for 
the ends of another of said wires toward each 
other to re]ax the tension on said wires. 
21. An electrica] strain wire transducer com- 
prising a rectangu]ar deformab]e structure and 
means for app]ying a force fo said deformab]e 
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structure to cause deformation thereof, a plurali- 
ty of insulated pins mounted on said deformable 
structure, electrical strain wires mounted upon 
and extending between said pins, points of de- 
5 formation in said structure between each of said 
pins, said structure being deformable at each of 
said points on application of said deforming 
force, ail of said pins moving with respect to each 
other upon said deformation, said rectangu]ar 
l0 structure comprising a ho]]ow rectangle weak- 
ened at the corners of said rectangu]ar structure, 
said weakened portion forming hinge points. 
22. An electrica] strain wire transducer com- 
prising a rectangular deformable structure and 
15 means for applying a force to said deformab]e 
structure to cause deformation thereof, a p]ura]t- 
ty of insulated pins mounted on said deformab]e 
structure, electrical strain wires mounted upon 
and extending between said pins, points of de- 
20 formation in said structure between each of said 
pins, said structure being deformable af each of 
said points on application of said deforming 
force, ail of said pins moving with respect to each 
other upon said deformation, said rectangu]ar 
25 structure comprising a hollow rectangle weak- 
ened adjacent said wire supports, said weakened 
portions forming hinge points, a housing, said 
housing enc]osing said deformab]e structure, one 
of the sides of said deformab]e rectangu]ar struc- 
30 ture being fastened against relative motion fo 
the enclosing housing. 
23. An electrical strain wire transducer com- 
prising a hollow rectangular deformable struc- 
ture, said rectangu]ar structure comprising a 
35 ho!low rectangle af the corners weakened to 
form hinge points, and means for applying a force 
fo said deformable structure to cause deforma- 
tion thereof, a plura]ity of insulated pins mounted 
on said deformable structure, electrica] strain 
40 wires mounted upon and extending between said 
pins, points of deformation in said structure be- 
tween each of said pins, said structure being de- 
formable at each of said points on application 
of said deforming force, ail of said pins moving 
45 with respect to each other upon said deforma- 
tion. 
LOUIS D. STATHAM. 
GIFFORD E. WHITE. 
50 REFERENCES CITED 
The following references are of record in the 
fi!e of this ptent: 
UNITED STATES PATENTS 
Naine Date 
Carlson ............. Apr. 7, 1936 
Simmons ........... Jan. 29, 1946 
Statham ............ Nov. 9, 1948 



